and then determined the population-level prevalence and incidence trends with the most accurate algorithms. Results: We selected, '2 physician billing codes in 1 year' as the optimal administrative data algorithm in adults and seniors ( ≥ 65 years) due to its sensitivity (70.6-72.3%), specificity (99.9-99.8%), positive predictive value (79.5-82.8%), negative predictive value (99.9-99.7%), and prevalence (0.28-1.20%), respectively. Conclusions: Algorithms using administrative databases can reliably identify patients with PKM with a high degree of accuracy.
as PKM) have greater than double the mortality rates of age and sex-matched controls [1] . PKM is associated with an average annual cost of physician services 1.4 times greater than controls [1] . Worldwide estimates of PD alone are projected to double from 4.1-4.6 million in 2005 to 8.7-9.3 million by 2030 [5] .
Population-based administrative databases can maintain a PKM surveillance system, allow for longitudinal studies using data linkage techniques and provide PKM cases and non-cases that can be compared on comorbid conditions [6] . Although administrative data are a convenient and an important source for studying specific patient populations, the challenge is to create a valid approach for correctly identifying patients with PKM. Determining the accuracy of diagnostic codes or combinations of codes (case ascertainment algorithms) for PKM through a validation study is critical in order to avoid misclassification error, which represents an important form of research bias using health administrative databases [7] .
Four previous studies validated algorithms for PD/ PKM using administrative databases [8] [9] [10] [11] but each used nonrandom sampling methods to select PD/PKM cases and non-cases for validation [8] [9] [10] [11] . Furthermore, one study involved only seniors [10] and the other three were limited to veterans [8, 9, 11] . In this study, we performed a healthcare administrative data validation for identifying patients with PKM using a primary care electronic medical record (EMR), a more general population, as the reference standard.
Methods
We conducted a retrospective EMR chart abstraction study using a random sample of all eligible patients aged ≥ 20 from primary care practices to identify those patients with and without PKM. These patients were then linked in an encrypted, anonymous manner to healthcare administrative databases in the province of Ontario, Canada housed at the Institute for Clinical Evaluative Sciences (ICES), Toronto. Multiple administrative data algorithms using combinations of physician billing claims, hospitalization diagnoses and/or pharmacy prescription data were tested and validated for PKM within the administrative data. We used the modified Standards for Reporting of Diagnostic Accuracy (STARD) criteria to report our findings [7] and our methodology follows recent recommendations on the reporting and study design of administrative data validation studies [6, 12, 13] .
Reference Standard
The Electronic Medical Record Administrative data Linked Database (EMRALD) held at ICES was used as the validation reference standard. EMRALD consists of data from family physicians in Ontario using the EMR software Practice Solutions ® . All the clinically relevant information contained in the family physician patient chart is collected into EMRALD. This includes all physician office encounters, the cumulative patient profile (CPP) containing current and past medical history, family history, risk factors, allergies, immunizations, all laboratory and diagnostic test results, prescriptions recorded by the family physician, specialist consultation letters, and hospital discharge summaries. The data used in this validation study were extracted from EMRALD between June and November 2011. We identified a study cohort of adult patients as of December 31, 2010 who met the following inclusion criteria: had a valid health card number and date of birth, were registered to one of the 84 participating EMRALD family physicians, and had at least one visit in the one year prior to the extraction date. There were 73,003 EMR patients who met the criteria.
Two standardized data abstraction tools for PKM and PD were created with input from family physicians and neurologists specialized in PD to classify the diagnosis of each EMR patient to be abstracted (online suppl. fig. 1 ; for all online suppl. material, see www.karger.com/doi/10.1159/000365590). We used an automated electronic text-matching search strategy on the 73,003 eligible EMR patients in order to identify all patients with a potential diagnosis of PKM ( fig. 1 ). This pool of patients was reviewed by six trained chart abstractors (4 nurses and 2 physicians with experience in medical record abstraction) using the criteria provided by the abstraction tools. The abstractors were instructed to classify the patient as 'definitely' having PD or secondary PKM, 'possibly' having one of the conditions, not having PKM as the condition was ruled out ('not' PKM), or there was 'no mention' of the condition in the EMR. Each abstractor re-abstracted 5% of their charts to assess for intra-rater reliability and 5% of all the charts were double abstracted by two different abstractors to assess for inter-rater reliability. All trained abstractors were blinded to the administrative data diagnostic codes for all EMR patients.
The abstractors also recorded whether there was documentation of a neurologist diagnosis, symptom onset date and diagnosis date for PD/PKM in the patient EMR, and if any of the 4 drug classes commonly used in the treatment of PD (levodopa drugs, MAO-B inhibitors, dopamine agonists and COMT inhibitors) were documented for each abstracted patient (online suppl. fig. 1 ). We also performed an automated text-matching drug search in the EMR where MAO-B inhibitors and COMT inhibitors were scored as 'definite' for PD/PKM, while levodopa drugs and dopamine agonists were scored as 'possible' for PKM.
When there was conflicting information in the patient EMR or more recent evidence about the diagnosis, the chart abstractors gave greater weight to diagnoses from neurologists and/or more recently detailed documented patient notes, thereby adhering to a temporal pattern of disease progression more indicative of this chronic disease. All EMR records were revalidated by expert review (DB) and any discrepancies or areas of misclassification were addressed. In order to determine the final classification of PD/ PKM, an overall global score was used based on EMR chart abstraction and the automated scoring of the drugs. Once patients were classified as having or not having PKM according to our overall global scores, we proceeded to administrative data algorithm generation and testing.
Administrative Data Sources
Population-based hospital, physician and pharmacy administrative data were from Ontario, the largest populated province of Canada with about 14 million residents and a universal healthcare system. The following administrative databases were used: the Canadian Institute for Health Information hospital Discharge Abstracts Database (CIHI-DAD, providing detailed diagnostic information regarding hospital admissions [14] from 1998), the Ontario Health Insurance Plan (OHIP) physician claims database (containing physician billing information and diagnoses from 1991), the National Ambulatory Care Reporting System (NACRS) database, which captures all hospital-based and community-based ambulatory care including emergency departments from 2000, the Same Day Surgery Database (SDS, corresponding to same-day surgery or procedure stay from 1991) and the Ontario Drug Benefit Program (ODBP) prescription drugs database, which records all drugs prescribed from a minimally restrictive formulary for individuals aged ≥ 65 years [15] . In Ontario, CIHI-DAD data used International Classification of Diseases (ICD)-9 codes with four digits until 2002 and thereafter switched to ICD-10 codes. ICD-9 codes (332.0, 332.1), ICD-10 codes (G20, G21.0-0.4, G21.8-9, G22, and F02.3) and OHIP code (332) were used to identify PD/ PKM in this study.
Algorithm Testing
We tested multiple administrative data algorithms for physician billing codes varying the number of codes required, the time frame to look for these codes (for example, ±6 months refers to the period 6 months before and 6 months after the date of the physician billing code), with and without hospitalization discharge abstracts, with the involvement of a specialist (non-family physician) and with or without prescriptions particularly in those aged ≥ 65. The algorithms were tested in those aged ≥ 20 and in those aged ≥ 65. We reported both nondrug algorithms and algorithms with drug involvement in young and old adults, recognizing that we only had administrative data pharmacy records for those aged ≥ 65. We also tested algorithms with and without a 30-day skip period when using physician billing codes, recognizing that a cluster of codes within a 30-day period may simply indicate follow-up related to the initial presentation of PKM. In order to avoid this clustering effect, we elected to examine physician billing codes spread out over a 30-day period (30-day skip) as this may impact algorithm performance. The algorithms were applied to all administrative data until March 31, 2011.
Statistical Analyses
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) with their 95% confidence intervals (CI), and Youden's index and kappa were calculated for each algorithm. Sensitivity was the proportion of patients with an EMRdocumented PKM diagnosis who were identified as having the disease by administrative data. Specificity was the proportion of patients with PKM without EMR-documented disease who were identified as not having PKM by administrative data. PPV was the probability of those identified as having PKM who truly had this condition, while NPV was the probability of those identified as not having PKM, who truly did not have this condition. A discriminating test would have sensitivity, specificity, PPV and NPV close to 100%, and Youden's index and kappa close to 1.0. We selected the optimal algorithms according to high PPV while also maximizing sensitivity and specificity in order to create a more homogeneous sample and avoid detecting false PKM cases [13] . EMR disease prevalence was calculated as the number of patients with PKM divided by the total number of eligible patients.
We applied the optimal algorithms to the entire population of Ontario and observed the prevalence and incidence trends from 2000 to 2010 for those aged ≥ 20 and for those aged ≥ 65. We used a 5-year run-in period from 1995 to 2000 where annual agestandardized prevalence and incidence reporting started in year 2000 to permit enough time for PKM cases to accumulate and to avoid errors in including prevalent PKM cases as incident cases during the earlier years of reporting. Annual rates were agestandardized to the 1991 Statistics Canada age distribution and to persons alive and registered with health care coverage in a given year in Ontario. The annual prevalence was determined by including PKM cases that were prevalent in the prior year, adding new incident cases in the same year and removing patients that had died or moved out of province. PKM patients were considered incident in the year they met all criteria of the algorithm.
All analyses were done using the binomial approximation method using SAS version 9.2 (SAS Institute, Cary, North Carolina, USA). This study received approval from Sunnybrook Research Ethics Board.
Results
We identified 2,319 potential patients after applying the automated key word search to the 73,003 eligible EMR charts ( fig. 1 ). Of the 2,319 patients, we found that there was 'no mention' of a diagnosis of PKM in 1,676 EMR charts. In 306 of these 'no mention' charts, there was documentation of a family history or other person having PKM and 85 patient EMR charts were misclassified such that the abbreviation 'PD' actually represented personality disorder or peritoneal dialysis as examples rather than Parkinson's disease. There were 40 EMR charts where there was documentation of no movement disorder. The majority of 'no mention' patient EMR records were other diagnoses not related to PKM (n = 895) and there were 186 EMR charts where more than 1 reason was provided (multiple reasons), which included anyone of the aforementioned reasons except 'other' (either family history or other person with PKM, essential tremor, no movement disorder, restless leg syndrome or misclassified). There were 118 EMR charts that were ruled out as not having PKM (not PKM) with reasons similar to the 'no mention' category ( fig. 1 ).
There were 294 EMR charts defined as possible PKM cases and 231 definite PKM cases where 191 were classified as PD and 40 classified as other PKM ( fig. 1 ). The majority of other PKM cases were drug-induced and 5 EMR charts documented PKM where 'not specified' indicated 'no mention' of etiology ( fig. 1 ). Kappa scores for inter-and intra-rater reliability exceeded 0.80 indicating good agreement for all six chart abstractors. Expert review of the 2,319 EMR charts led to corrections of 13 patients classified as 'definite' for PKM: 7 became 'possible', 4 became 'no mention', and 2 became 'not' PKM and 7 patients were added as 'definite' PKM (3 from 'no mention' and 4 from 'possible'). The EMR characteristics of the study patients with PD/PKM are presented in table 1 . Most PKM patients were ≥ 65 years (82.7%), male (60.2%), and had their diagnosis confirmed by a neurologist (66.7%). The majority had PD (82.7%) and of these patients, 86.4% were taking at least one anti-PD medication.
We then determined a working list of 22 algorithms for each age group in order to demonstrate our selection of the optimal algorithms (all algorithms available upon request). All algorithms in table 2 had excellent specificity (99.3-100.0%), while sensitivities varied markedly for nondrug algorithms (26.0-82.7%) and less so for algorithms involving drugs (61.0-87.0%). Using '1 hospitalization diagnosis code ever' had the lowest sensitivity (26.0%) of all the algorithms in those aged ≥ 20 and upon review was prone to misclassification from mental health diagnoses with drug overdose. Having a specialist involved in the care of the PKM patient, '1 physician billing code by a specialist', in comparison to the algorithm of '1 physician billing code ever' decreased the sensitivity from 82.7 to 69.3% with an increase in PPV from 43.9 to 56.1%. Increasing the number of physician billing codes over a 1-year period generally decreased the sensitivity while in- creasing the PPV. Also, increasing the number of years with 2 physician billing codes decreased the PPV slightly with only a marginal increase in sensitivity. Based on these findings, we selected the optimal nondrug algorithm as '2 physician billing codes in 1 year' with a 30-day interval between physician billing codes to identify PKM in those aged ≥ years due to its maximal validity indices: sensitivity (70.6%), specificity (99.9%), PPV (79.5%), and NPV (99.9%) ( table 2 ). The absence of a 30-day interval between billing codes (no skip) for the optimal algorithm demonstrated a lower PPV (72.8%), supporting the use of a 30-day interval between physician billing claims for PKM. The prevalence of PKM in the primary care EMRs was 0.32% compared to 0.28% using our optimal algorithm ( table 2 ) . The drug algorithm, '(2 physician billing codes in 1 year) or (1 Rx = disease relevant prescription and 1 P = 1 physician billing code within ±6 months of the date of the disease relevant prescription)' was selected to identify PKM patients aged ≥ 20 with sensitivity of 77.8%, specificity of 99.9%, PPV of 76.9%, and NPV of 99.9% because it outperformed the other drug algorithms with an estimated prevalence of 0.32%.
The two optimal algorithms in those aged ≥ 65 are highlighted in table 3 . The nondrug algorithm was the same for those aged ≥ 20 but '1 prescription and 1 physician billing code within ±6 months' performed the best (sensitivity = 75.9%, PPV = 87.3%) as it involved a shorter time period compared to '1 prescription and 1 physi- cian billing code in 1 year' and fewer databases compared to and '1 prescription and (1 hospitalization diagnosis code or 1 physician billing code) within ±6 months'. The prevalence estimates for the optimal nondrug and drug algorithms in those aged ≥ 65 were 1.2% compared to 1.3% in the reference standard. We reviewed the false negative and false positive cases for PKM in those aged ≥ 20 for '2 physician billing codes in 1 year' to identify the reasons for misclassification. There were 68 false negatives for PKM (present in the EMR records but not in administrative data), where 33 had documentation of a physician diagnosis for PD and 14 had other PKM not specified, 8 had Lewy Body disease, 7 had drug-induced PKM, 3 had Huntington's disease, 1 had vascular PKM, 1 had multiple system atrophy and 1 was on anti-PD medication. We found 42 false positives (present in the administrative data but not in the EMR), where 7 had 'possible' PKM, 6 had 'no mention' of PKM in the EMR chart, 4 had PKM in administrative data, which preceded the start of the EMR record, 4 had poorly documented EMRs, 1 was ruled out in the EMR and 20 were clearly miscoded in the administrative data as: 12 with essential tremor, 3 with mental health disorders, 2 with Huntington's disease, 1 with Parkinsonism-like symptoms, 1 with orofacial dystonia and 1 with a gait disorder.
We found the age-standardized population prevalence and incidence rates of PKM in Ontario in 2010 using our optimal nondrug algorithm of '2 physician billing codes in 1 year' to be 0.23 per 100 persons and 0.27 per 1,000 persons, respectively in those aged ≥ 20 ( fig. 2 ; online suppl. table 1), and 1.09 per 100 persons and 1.52 per 1,000 persons, respectively in those aged ≥ 65. ( fig. 3 ; online suppl. table 2). We also observed a gradual increase in the population prevalence of PKM in those aged ≥ 20 from 2000 until 2006 and then the trend appeared relatively stable after 2006 using the more accurate algorithms ( fig. 2 ; online suppl. table 1a). There was a gradual decrease in incidence of PKM in those aged ≥ 20 during the same time period, which appeared to stabilize after 2006 ( fig. 2 ; online suppl. table 1b). In those aged ≥ 65, we observed a somewhat similar pattern in prevalence over time compared to younger adults with PKM; however, there was a gradual decline in incidence over time ( fig. 3 ; online suppl. table 2).
Discussion
We found that patients with PKM can be accurately identified from administrative databases using a primary care EMR as a reference standard. The optimal algorithm, '2 physician billing codes in 1 year', could be used in both adult and senior populations. Using the drug algorithm, '1 prescription and 1 physician billing code within ±6 months' to identify PKM in patients aged ≥ 65 also pro- In comparing our study findings to the literature, our validity estimates are generally higher and we used a reference standard more reflective of the general population. Szumski and Cheng used targeted sampling from a Veterans administrative (VA) healthcare database (98% male) where all possible PKM patients were identified using the ICD-9 code 332.0 and EMR chart review of 'definite' or 'possibly' PD cases were all considered a likely working diagnosis of PD [8] . Previous studies with administrative databases have demonstrated that using the ICD-9 diagnostic code 332.0 does not allow distinction of idiopathic PD and secondary PKM [8, 11, 12, [16] [17] [18] and is suboptimal when used alone leading to an underestimation of disease prevalence [11] . Despite these differences with our study, increasing the frequency of physician billing codes increased the PPV but decreased the sensitivity, which was consistent with our study findings. A tiered consensus algorithm based on a count ≥ 332.0 codes and use of specialty clinic (e.g., movement disorder clinic) over a 3-year period was identified as their best algorithm with a sensitivity 87.4%, specificity 45.4%, PPV 83.2% and NPV 53.8% [8] . This study's validated algorithms consistently demonstrated low specificities and NPVs likely due to their sampling method and working diagnosis of PD [8] .
Another validation study involving a Pacific Northwest VA database with EMR chart review identified a random sample of PKM cases and non-cases based on ICD-9 codes (332, 332.1, 333 and 781.0), PD prescriptions and controls from a medical clinic [11] . Using ICD-9 codes to identify PKM was not accurate (sensitivity 18.7%, specificity 99.9%, and PPV 81.0%) but adding PD drugs increased the sensitivity to 37.9% and decreased the PPV to 60.4% [11] . Although low validity indices, the combination of ICD-9 codes and prescriptions did outperform using one database alone, consistent with our findings in those aged ≥ 65 years.
Also, another study using Medicare administrative claims with reference standards of patient self-report and PD medications identified potential PKM patients using ICD-9 codes (332.0, 332.1, 333.0, 333.1) [10] . The best algorithm involved the presence of all ICD-9 codes in any claims with a sensitivity of 61%, specificity of 99% and PPV of 65% [10] . Using patient-reported diagnoses from surveys as a reference standard has been demonstrated to have poor sensitivity because patients may not be aware of their diagnoses and works better for medical conditions that are well-defined and easier to diagnose [19] . Therefore, in comparison to our study findings, the majority of studies sampled patients using ICD-9 diagnostic codes for PD/PKM in administrative data and as a result 1 Rx and (1 P) ±6 months unbiased estimates of accuracy could not be generated because prevalence estimates for PD/PKM were not measured in the validation study sample. Also, the validated algorithms in previous studies produced low validity indices, used mainly veteran populations and varied reference standards not entirely reflective of the general population. The disease prevalence for PKM was similar in both the validation sample and from our optimal administrative data algorithms. The prevalence in the reference standard was 0.32% in those aged ≥ 20 consistent with 0.28% using '2 physician billing codes in 1 year' and identical using the optimal drug algorithm, '(2 physician billing codes in 1 year) or (1 prescription and 1 physician billing code within ±6 months)'. The prevalence estimates for PD/PKM reported in other Canadian studies are 0.069-0.36% [1, 12, [20] [21] [22] , which is similar to our study findings. The prevalence for PKM in those ≥ 65 living in Ontario are 1.46% [1] and 1.23% [23] for men and 1.12% [1] and 0.74% [23] for women, which is also similar to our study findings. Similarly, the age-standardized annual incidence rates reported in our study were consistent with previously published international studies (including a systematic review) in North America (127-207 per 100,000 person years; 96-121 per 100,000 person years) and Europe (5-346 per 100,000 person years) [17, 18, 24] .
This study has certain strengths as we performed a vigorous and robust, good quality validation study, which followed guidelines [7, 13] . Specifically, we derived our patients with PKM and non-cases from a random sample of primary care patients (N = 73,003) reflective of the general population. We also determined the prevalence of PKM in the reference standard, which was consistent with our optimal administrative data algorithms. There are limitations to this study. While we identified an optimal administrative drug algorithm in adults aged ≥ 20, we recognized a prescription database is limited to those aged ≥ 65. Although differences in population mix may impact the generalizability of our results, this study was done on a population that is similar to the Ontario population in terms of sex, age and presence of comorbid conditions [25] ; therefore, we believe our findings to be reasonably generalizable, if not only in Ontario but to the rest of Canada and has the potential to inform other countries with similar administrative databases.
In conclusion, patients with PKM can be identified with a good degree of accuracy using administrative data algorithms. These algorithms will facilitate the establishment of patient cohorts with PKM. Future research in this area should apply such algorithms to other data sources in different provinces across Canada to more accurately define the current epidemiology and natural history of PD/PKM.
